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Abstract
Better understanding of the mechanisms underlying early reading skills can lead to improved interventions. Hence, the
purpose of this study was to examine multivariate associations among reading, language, spoken phonological awareness,
and ﬁngerspelling abilities for three groups of deaf and hard-of-hearing (DHH) beginning readers: those who were acquiring
only spoken English (n = 101), those who were visual learners and acquiring sign (n = 131), and those who were acquiring both
(n = 104). Children were enrolled in kindergarten, ﬁrst, or second grade. Within-group and between-group conﬁrmatory factor
analysis showed that there were both similarities and differences in the abilities that underlie reading in these three groups.
For all groups, reading abilities related to both language and the ability to manipulate the sublexical features of words.
However, the groups differed on whether these constructs were based on visual or spoken language. Our results suggest that
there are alternative means to learning to read. Whereas all DHH children learning to read rely on the same fundamental
abilities of language and phonological processing, the modality, levels, and relations among these abilities differ.
Many deaf and hard-of-hearing (DHH) children struggle to learn
to read, while others develop age-appropriate skills (Lederberg,
Schick, & Spencer, 2013). Understanding the factors that relate
to individual differences in reading is critical to designing better
interventions and improving reading for all DHH children. One
ﬁercely debated but unanswered question is how much reading
relies on children’s knowledge of spoken language (Paul & Lee,
2010; Petitto et al., 2016). Because written language encodes spo-
ken language, many claim that DHH children need to acquire
spoken language through auditory or visual means. For exam-
ple, Paul and colleagues (Paul & Lee, 2010; Wang, Trezek,
Luckner, & Paul, 2008) posited that all DHH children must use
qualitatively-similar processes to learn to read as hearing chil-
dren. If this is true, reading interventions for DHH children
should resemble those for hearing readers with an additional
emphasis on increasing children’s knowledge of the phonologi-
cal, semantic, and syntactical features of spoken language.
Others propose that DHH children use different processes to
read (Hoffmeister & Caldwell-Harris, 2014; Petitto et al., 2016).
This view implies that interventions should differ in substantial
ways from those developed for hearing children. There is a third
possibility: both hypotheses may be true, but for different DHH
children, depending on their acquisition of spoken and signed
language (Lederberg et al., 2013; Miller, 2002). Indeed, research
suggests that reading processes differ depending on deaf adults’
primary mode of communication (spoken vs. signed language)
(Hirshorn, Dye, Hauser, Supalla, & Bavelier, 2015; Miller, 2002).
We do not know which of these three hypotheses best ex-
plains how young DHH children learn to read. Based on both
reading theory and previous research, we hypothesized that
DHH children’s early reading abilities would be closely related
to phonological awareness and language abilities, but the
nature of this relation might differ for children acquiring signed
and/or spoken language. We tested this hypothesis by
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examining the structure of language and literacy skills for 336
young DHH children using conﬁrmatory factor analyses. We
hypothesized that, for children who were unimodal visual lear-
ners and acquiring sign, reading would relate to children’s ﬁn-
gerspelling phonological awareness and bilingual (American Sign
Language and English) language abilities. On the other hand, for
children who were only acquiring spoken language, we ex-
pected reading would be related to spoken phonological aware-
ness and spoken language abilities. We also included a third
group of children: bimodal–bilingual DHH children (acquiring
both spoken and signed language) who have not been exten-
sively studied (Davidson, Lillo-Martin, & Pichler, 2014;
Marschark, Tang, & Knoors, 2014). We hypothesized that read-
ing for these children would be related to their spoken and ﬁn-
gerspelling phonological abilities, as well as their bilingual (ASL
and English) language abilities. How these abilities relate to one
another for the three groups of DHH children needs to be better
understood and was the main goal of this study. A secondary
goal was to show if tests that measured the four constructs (i.e.,
reading, language, spoken PA, and ﬁngerspelling) were equally
good indicators of their hypothesized constructs for children in
the three language groups.
Reading Theory
There is widespread consensus on how hearing children learn
to read (Lonigan & Burgess, 2017; Seidenberg, 2013). The Simple
View of Reading and other more complex theories posit that
reading comprehension depends on both word identiﬁcation
and language. Word identiﬁcation in an alphabetic language re-
quires the acquisition of the alphabetic principle: the knowl-
edge of how to translate letters and printed words into the
phonemes of the language. This knowledge is fundamental to
phonologically recoding of letters into phonemes and blending
them into words, a critical strategy when reading words that
are not recognized. Even for sight word recognition, the ability
to remember or recognize printed words is facilitated by the
storage of sublexical connections between letters and their cor-
responding phonemes (Ehri, 2014). Acquisition of the alphabetic
principle depends on children’s phonological awareness ability
(Anthony et al., 2002; Seidenberg, 2013). Phonological awareness
(PA) is the ability to attend to and manipulate the sublexical
structure of words (e.g., syllables, rimes, and phonemes).
Research clearly documents that many hearing children who
struggle to learn to read have poor phonological awareness
skills (Seidenberg, 2013).
Early reading skills also relate to children’s language abili-
ties. Children’s understanding of the words and sentences they
decode depends on their knowledge of vocabulary and syntax
(Connor, 2016). The quality of the children’s vocabulary knowl-
edge, deﬁned by both the breadth and depth of vocabulary, in-
ﬂuences the development of sight word recognition (Perfetti &
Stafura, 2014). Children’s PA, especially their ability to manipu-
late phonemes, is also inﬂuenced by lexical quality (Braze et al.,
2016).
DHH Children’s Reading
There is extensive research on the underlying processes of read-
ing of DHH children (see Lederberg et al., 2013; Petitto et al., 2016
for reviews) but most of this research examines DHH children
as a single group, regardless of the children’s language modal-
ity. We hypothesize this type of research is likely to miss impor-
tant differences in the fundamental skills among DHH children.
The goal of the present study is to compare the structure of
reading and language skills for children who differ in language
modality (spoken, sign, or both).
Language Modality
DHH children differ on the modality of their language as a func-
tion of their language input and their speech perception abilities
(Lederberg et al., 2013). DHH children who are exposed to sign in
school and/or at home will acquire sign language because there
are no sensory barriers to visual language. In contrast, DHH chil-
dren’s speech perception abilities will inﬂuence the acquisition
of spoken language. Because of cochlear implants and digital
hearing aids, many, but by nomeans all, DHH children have suf-
ﬁcient speech perception abilities to access spoken language.
Children who are not exposed to sign language will only acquire
spoken language. On the other hand, DHH children who are in
signing environments and can perceive spoken language may
acquire both spoken and signed language. We follow the exam-
ple of those who refer to these children as bimodal–bilingual
children because they are acquiring two languages in two
modes (Davidson et al., 2014). DHH children who are unimodal
visual learners (i.e., those who have limited or no auditory abili-
ties) only acquire spoken language to the extent that it can be
learned through visual means (e.g., through speech-reading or
print). To emphasize their visual acquisition of spoken lan-
guage, Woll and MacSweeney (2016) also referred to the latter
group as bimodal. In this paper, we restrict the term bimodal for
those who are able to use both modalities in communication in
order to test our assumption that children who sign may differ
in how they read depending if they have auditory access to
speech. We next review research about these three groups of
DHH children.
Children Acquiring Spoken Language
DHH children who are acquiring spoken language are learning
to read the language that they can hear. Researchers have found
that, as with hearing children, early reading skills of DHH chil-
dren are correlated with their phonological awareness (PA) and
language skills (Cupples, Ching, Crowe, Day, & Seeto, 2014;
Webb, Lederberg, Branum-Martin, & Connor, 2015). Overall, cor-
relations among these three constructs tend to be similar and in
the moderate to high range (i.e., r = .60–.80). A number of studies
have examined the relative importance of the two skills for
reading with conﬂicting results. Some researchers have found
that PA predicted more variance in reading than language
(Cupples et al., 2014). Others have found that language predicted
more variance in early reading than PA (Nittrouer, Caldwell,
Lowenstein, Tarr, & Holloman, 2012). Finally, others have found
that both vocabulary and PA play a strong and equal role in
reading (Dillon, de Jong, & Pisoni, 2012).
These conﬂicting results may be due to the high intercorrela-
tions among the three constructs. In fact, using conﬁrmatory
factor analyses of DHH children’s early literacy skills, Webb
et al. (2015) found that relations among three constructs (i.e.,
vocabulary, reading, and phonological awareness) were high
and homogenous (r = .58–.67), suggesting that PA and vocabu-
lary play complementary and perhaps equal roles in young
DHH preschoolers’ performance on reading tasks. In a study of
elementary-school children with cochlear implants (CI), Dillon
et al. (2012) reached the same conclusion. The present study
will be the ﬁrst to use conﬁrmatory factor analyses to examine
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the relations among PA, reading, and language in early elemen-
tary school.
Children Who are Unimodal Visual Learners and
Acquiring Sign Language
Some DHH children do not have auditory access to spoken lan-
guage, and acquire language only through vision. These chil-
dren are learning to read a language that differs on every
dimension—phonological, semantic, and syntactical—from
their ﬁrst language (Chamberlain & Mayberry, 2008; Hoffmeister
& Caldwell-Harris, 2014; Petitto et al., 2016). However, some re-
searchers posit that even these DHH children use some knowl-
edge of spoken English to read. This is supported by research
that shows correlations between reading and non-auditory as-
sessments of spoken phonological awareness (Harris, Terlektsi,
& Kyle, 2017; Kyle & Harris, 2010). For these children, reading
abilities may relate to how well they can use visual means to
acquire the phonological structure of spoken language (Kyle,
Campbell, & MacSweeney, 2016). They may use mouth move-
ments that provide visual cues to spoken phonology and are a
natural part of some sign languages (Petitto et al., 2016; Woll &
MacSweeney, 2016). Indeed, reading correlates with DHH chil-
dren’s speech-reading abilities (Kyle et al., 2016). Other re-
searchers have shown that DHH children can develop
knowledge and awareness of spoken phonology when teachers
use visual-manual systems such as Visual Phonics and Cued
Speech to represent spoken phonemes (see Lederberg et al.,
2013 for a review). Thus, reading abilities may relate to the abil-
ity to develop spoken PA visually.
Other researchers suggest that reading does not require
translation into spoken language (Hoffmeister & Caldwell-
Harris, 2014; Petitto et al., 2016). DHH readers may directly map
the printed word, learned as a sight word, to a sign through an
orthographic-semantic pathway (Morford, Kroll, Piñar, &
Wilkinson, 2014), prompting many teachers of DHH children to
focus on building a large sight word vocabulary. While some
DHH readers may be able to use this strategy to learn to read,
research with hearing and DHH children suggests that a sight
word reading strategy is an ineffective way to read, especially
during the early stages of learning to read (Ehri, 2014). In fact,
Reitsma (2009) showed that learning to recognize new words
through repeated direct associations with sign is a very slow
process for DHH children.
Consistent with others, our own theoretical stance is that
good reading requires awareness of the sublexical structure of
words, and this awareness is fundamental to reading for all
children (Lederberg et al., 2013; Petitto et al., 2016). While “pho-
nology” is most frequently used in reference to spoken phonol-
ogy, linguists studying sign language deﬁne phonology more
broadly. For example, Brentari (1998) deﬁnes phonology as the
“sublexical structure that is systematically organized and con-
strained.” Fingerspelling is one visual phonological system that
may support reading. Fingerspelling, which consists of a man-
ual alphabet representing the English print alphabet, is a natu-
ral part of ASL and many other sign languages. The phonology
of ﬁngerspelling and of signs is related because they use the
same articulators (Keane & Brentari, 2016). Importantly, lin-
guists have concluded that ﬁngerspelling can be used as a
visual-manual phonological representation of English words
when produced ﬂuently as a word (Keane & Brentari, 2016).
Fluently ﬁngerspelled words contain some syllable structure de-
picted by sign-like movement or envelope, while chunking or
coarticulation of frequently co-occurring letter sequences aids
comprehension (Brentari, 1998). For example, consonantal clus-
ters (bl, sl, cl, str) or common afﬁxes (-tion, -ness, pre-) are pro-
duced as smooth, coarticulated sequences, not distinct letters.
Researchers suggests ﬁngerspelling a word can facilitate learn-
ing how to connect a new printed word to a sign. It may also act
as aid in recognizing known print words (Haptonstall-Nykaza &
Schick, 2007; Hirsh-Pasek, 1987).
While researchers have identiﬁed ﬁngerspelling as a possible
important link to reading for deaf students, surprisingly few
studies have examined its role in learning to read. Researchers
(Emmorey & Petrich, 2012; Stone, Kartheiser, Hauser, Petitto, &
Allen, 2015) have found that ﬁngerspelling and reading correlate
in deaf adults. Some small scale (n < 30) studies have found that
deaf children’s ﬁngerspelling abilities correlate with reading
(Padden & Ramsey, 2000; Puente, Alvarado, & Herrera, 2006),
while others have not (Chamberlain & Mayberry, 2008;
Haptonstall-Nykaza & Schick, 2007). These studies have
included DHH students who range widely in age and reading
abilities. Therefore, they cannot isolate the contribution of ﬁn-
gerspelling to early literacy—the age when phonological aware-
ness is hypothesized to be particularly important. In addition,
these studies often measured ﬁngerspelling very narrowly. For
some studies, children matched ﬁngerspelled words to written
words, thus confounding ﬁngerspelling with literacy (Padden &
Ramsey, 2000). Other studies deﬁned ﬁngerspelling as the ability
to imitate ﬁngerspelled words correctly (Emmorey, McCullough,
& Weisberg, 2015; Stone et al., 2015). We know of only one study
that measured children’s ability to manipulate the sublexical
structure of ﬁngerspelled words (Hirsh-Pasek, 1987). In the pres-
ent study, we assessed ﬁngerspelling abilities through three
tasks: imitation, blending, and elision. The latter two were de-
signed to be analogous to spoken PA tasks.
Research also suggests that reading is related to sign lan-
guage abilities. Research has consistently shown that reading
correlates with signed vocabulary. Given that readers connect
printed words to signs (Morford et al., 2014), it is not surprising
that reading abilities correlate with signed vocabulary abilities
(Kyle et al., 2016). More controversial is the role of the syntax of
sign language. Proponents of bilingual education, especially in
the United States, argue that a strong foundation in a natural
sign language supports reading skills and that DHH children
can learn the syntax of the written language through print
(Hoffmeister & Caldwell-Harris, 2014). Others suggest that sign
language does not support reading in another language (Paul &
Lee, 2010). A third perspective is that deaf children are develop-
ing both a natural sign language and contact sign (i.e., signing
that resembles written language) and both are mutually sup-
portive of reading (Hermans, Ormel, & Knoors, 2010).
There are a number of reports that sign language syntax
skills correlate with reading skills (see Lederberg et al., 2013 for
a review). In the present study, we hypothesized that DHH sign-
ing children are developing unimodal bilingual abilities (i.e.,
bilingual abilities in a single [visual] modality). Speciﬁcally, we
hypothesized that DHH children who are acquiring sign learn
both a natural sign language (e.g., ASL) and English-like sign,
and that these languages will be integrated and related to
reading.
Bimodal–Bilingual Children
Some DHH children are acquiring both spoken and signed lan-
guages. These DHH children have sufﬁcient auditory access to
acquire spoken language and are in environments where adults
use both sign and spoken languages (not necessarily at the
A. R. Lederberg et al. | 3
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same time). These children’s language is considered bimodal–
bilingual because they learn two languages and these languages
differ in modality (Davidson et al., 2014). There is surprisingly
little research on bimodal–bilingual DHH children, and this
research is almost exclusively focused on whether signing inter-
feres with spoken language development. Indeed, Hermans
et al. (2010) call for more research that assesses both sign and
spoken language abilities. We hypothesized that bimodal–bilin-
gual children develop spoken phonological awareness, ﬁnger-
spelling, and bilingual language abilities (American Sign
Language/spoken English) and that these abilities would relate
to reading.
The Present Study
While a fair amount is known about reading, language, spoken
phonological awareness, and ﬁngerspelling in subgroups of
DHH children, less is known about the speciﬁc relations among
these four constructs for young DHH children who are learning
to read. Even more importantly, few studies have examined
how language modality might change the relations among
these important constructs. For example, it is possible that spo-
ken phonology may have diminished importance and ﬁnger-
spelling may take on a crucial relation to reading for unimodal
signers. The primary purpose of this paper was to examine
these four constructs in a sample of children who differ in their
access and acquisition of signed and spoken language.
We examined literacy and language skills in 336 DHH chil-
dren in kindergarten, ﬁrst, or second grade. The participants
included three groups of children who differed in their language
modality: (a) children acquiring only spoken language, (b) chil-
dren who were unimodal visual learners acquiring sign, and (c)
children acquiring both spoken and signed language (bimodal).
We used both within-group and multigroup conﬁrmatory
factor analyses (CFA) to address the following questions:
• What skills relate to reading abilities in young DHH children
in three language groups?
• Is there measurement equivalence across groups? In other
words, do the tests measure the four constructs in the same
way for each language group?
• Do children in the three groups differ in terms of relations
between abilities (correlations), proﬁciency (means), and
individual differences (variances) of their reading, language,
spoken PA, and ﬁngerspelling abilities?
Method
Participants
Three hundred and thirty-six DHH children (47% boys) partici-
pated in the study. Criteria for participants were (a) enrollment
in kindergarten through second grade, (b) hearing loss (better
ear-pure tone average or BE-PTA greater than 25 dB), and (c) and
no severe disabilities (e.g., autism or cognitive impairment). We
excluded children when their teachers reported the presence of
a severe disability or if they scored more than two standard de-
viations below the mean on the Differential Ability Scales-II
(DAS-II) Matrices subtest (Elliott, 2007; see below).
One hundred and nineteen (35.4%) children had cochlear im-
plants (CI). Among the 217 DHH children who did not have a CI,
15 children (7.7%) had mild hearing loss (unaided Better Ear-
Pure Tone Average between 25 and 40 dB), 42 (21.4%) had mod-
erate hearing loss (41–55 dB), 38 (19.4%) had moderately severe
hearing loss (56 to 70 dB), 34 (17.4%) had severe hearing loss (71
to 90 dB), and 67 (34.2%) had profound hearing loss (91 dB or
greater). Audiological information was missing for 21 children.
Approximately 57% of children were identiﬁed with hearing loss
before six months of age, 19% between 6 and 23 months, and
12% between age of 24 and 35 months.
Language groups
Children were divided into three language groups based on their
auditory access to spoken language and availability of sign lan-
guage. We determined that children had some auditory access
to spoken language if they were able to identify referents of spo-
ken words presented through audition alone on the Early Speech
Perception Test (ESP; Moog & Geers, 1990, see below). Sign lan-
guage was available for those children whose teachers signed.
Because these two dimensions were orthogonal to each other,
there were four possible language groups. The current sample
only contained three groups because there were no children
who were in spoken-only environments without auditory
access. The three groups were:
1. Unimodal sign group: Children who did not have auditory
access to spoken language and whose teachers signed (with or
without spoken language) (n = 131). While these children may
have received spoken language input, they were visual learners
because they had little or no speech perception even with their
typical ampliﬁcation.
2. Spoken-only group: Children whose teacher and parents
only used spoken language (n = 101). All children had auditory
access to spoken language.
3. Bimodal group: Children who had auditory access to spoken
language and whose teachers signed (with or without spoken
language) (n = 104).
Teachers and examiners (i.e., those who administered study
assessments) completed ratings about children’s language abili-
ties that indicated our categorization accurately divided our
sample. They conﬁrmed that almost all children in the unimo-
dal sign and spoken-only groups used only one language
modality. In the sign group, ﬁve of the 131 children knew some
spoken language but teachers rated these abilities as severely
limited. In the spoken language group, there was one child who
knew some sign language but teachers’ ratings indicated sign
was severely limited. Bimodal children showed a range of lan-
guage use, with 74% using both spoken and signed language,
14% preferred to only use spoken language and 14% preferred to
only use sign. While the bimodal children varied in their pre-
ferred language modality, they had access to both languages (as
evidenced by their speech perception and language environ-
ment) and thus were judged to be acquiring both signed and
spoken language (to some extent).
Demographic characteristics
Table 1 provides demographic and audiological characteristics
of the three groups. Comparisons across language groups
showed no signiﬁcant differences in grade, gender, age of diag-
nosis of hearing loss or presence of an additional disability. The
groups differed in their ethnicity and race, χ2 (2) = 6.8, p = .03
and χ2 (8) = 28.9, p < .001, respectively. The unimodal sign group
had more white and fewer black children compared to the other
groups, and the spoken-only group had more black and fewer
Hispanic children than the other groups. Other group differ-
ences were expected. The three groups differed on parental
hearing status, χ2 (2) = 50.9, p < .001. Children in the spoken-
only group were more likely to have a cochlear implant than the
other groups, χ2 (2) = 30.3, p < .001. According to teacher report,
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100% of children in the spoken-only group, 97% of children in
the bimodal group, and only 65% of children in the unimodal
sign group almost always used their CI at school; 27% of children
with CI in the unimodal sign group never used their CI. For those
using hearing aids, 96% of children in the spoken-only group,
94% of children in the bimodal group and only 51% of children
in the unimodal sign group almost always used their hearing aid
(s) at school. Instead, 45% of the latter group only occasionally
used their hearing aids.
Classes and teachers
Data were collected from children in 103 classes located in 40
schools in nine states and one Canadian Province. These pro-
grams were located in a variety of educational programs includ-
ing 18 schools that served only DHH children (2 charter schools,
1 federally funded school, 6 private schools, and 9 state-funded
schools) or in 22 public elementary schools that served DHH
and hearing children. There were many more children in the
schools for the deaf than in the public elementary-school pro-
grams. Thus, while the sample was almost evenly split between
schools for the deaf and local elementary-school programs,
87.5% of the children were in self-contained classes that served
only DHH children; 12.5% were educated in settings that
included hearing children. 85% of the children had teachers
who had a master’s degree; the rest had teachers with bachelor
degrees. They had, on average, 11.26 (S.D. = 9) years experience
of teaching DHH children. Teachers of children who signed (i.e.,
unimodal sign and bimodal groups) reported using ASL alone
(62%), using both ASL and Signed English (27%), and only signed
English (11%).
Table 1 Demographic and audiological characteristics of participants
Variable Spoken Bimodal Sign Sample mean
Mean age in years (SD) 6.6 (1.0) 6.6 (0.9) 6.8 (1.0) 6.7 (1.0)
Grade
kindergarten 50 38 34 40
First 28 36 34 33
Second 23 26 31 27
Ethnicity: Hispanic 23 39 30 31
Race
White 44 55 63 55
Black 26 17 11 17
Asian 7 3 8 6
Other 14 20 8 13
Home language
Spoken English only 69 30 14 36
ASL only 0 9 41 19
ASL + spoken English 3 30 28 21
Spoken language only-not English 12 9 7 9
Bilingual Spoken 15 8 2 8
Deaf or hard-of-hearing parent 7 23 50 29
Timing of hearing loss
Congenital 52 76 82 65
Acquired 11 4 5 6
Don’t Know 35 21 27 28
Audiological technology
Unilateral CI (with or without HA) 20 25 14 19
Bilateral CI 35 10 7 15
Hearing aid(s)only 45 56 47 51
None 1 3 30 13
Additional disability (any) 25 30 19 25
Disability (attention) 8 8 5 7
Disability (cognitive) 4 4 2 3
Disability (motor) 13 11 6 10
Disability (emotional/behavior) 2 5 4 4
Differential Ability Scale T score M (SD) 46.7(8.1) 46.7 (9.1) 45.9 (8.1)
Early Speech Perception
No pattern perception 0 0 93 39
Pattern perception 0 0 7 1
Some word identiﬁcation 1 1 0 2
Consistent word identiﬁcation 99 98 0 58
Level of speech articulation impairment
None 53 25 - 37
Mild 24 13 - 18
Moderate 21 28 - 25
Severe 2 34 - 20
Note. All numbers are percentages within each language group and for the entire sample, except where noted otherwise. Percentages may not sum to 100 due to
rounding.
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Measures
Speech perception
On the ESP (Moog & Geers, 1990), examiners asked children to
select referents of spoken words using an acoustic hoop to pre-
vent speech-reading. Performance was classiﬁed into four cate-
gories: 1 = no pattern perception, 2 = pattern perception, 3 =
someword identiﬁcation, and 4 = consistent word identiﬁcation.
Speech articulation
On the Arizona Articulation Proﬁciency Scale–3 (Fudala, 2000), chil-
dren were asked to supply a spoken word for a series of pictures.
Speech pathology graduate students scored responses from vi-
deos. Raw scores were converted to degree of speech articula-
tion impairment based on age norms provided in the manual.
Nonverbal IQ
Examiners administered the DAS-II Matrices subtest (Elliott,
2007). Children were asked to select a picture that ﬁts the pat-
tern of a matrix. Raw scores were converted to T-scores. The
norming population has a mean of 50 and a standard deviation
of 10.
Reading
We used three measures to assess the Reading construct. The
Woodcock-Johnson Tests of Achievement-III (WJ-III, Mather &
Woodcock, 2001) Letter-Word Identiﬁcation (Letter-Word Id) re-
quires children to identify letters and single words. On the WJ-
III Passage Comprehension (Passage Comp), initial items require
a child to match a rebus with a picture, the next set of items
require a child to match short phrases to the appropriate picture
among three pictures, and the ﬁnal set requires a child to pro-
vide a missing word in sentences and paragraphs (i.e., cloze
technique). Standard ceiling and basal rules were used. For both
tests, spoken and/or signed words were acceptable.
The third test measured reading ﬂuency (Fluency).
Examiners presented three passages in order of difﬁculty. The
ﬁrst passage came from the primer (kindergarten) level of the
Reading Mastery Rainbow Edition (Englemann & Bruner, 1995). The
next two passages (one ﬁrst grade and the other second grade)
came from the Florida Center for Reading Research (www.fcrr.
org). Examiners only gave the next passage if children met the
reading ﬂuency criteria for the previous passage. All passages
were followed by one comprehension question. Because it takes
longer to sign than to speak, we set different reading ﬂuency cri-
teria depending on children’s language use. Children who used
spoken language had to read at least ﬁve sentences in 60
seconds, while children who signed had to read at least four
sentences in 90 seconds to go on to the next passage. We scored
the number of passages read ﬂuently.
Spoken phonological awareness
We used three subtests from the Comprehensive Test of
Phonological Processing (CTOPP; Wagner, Torgesen, & Rashotte,
1999) to assess children’s phonological awareness abilities.
Examiners delivered directions in the child’s preferred modal-
ity, but used only spoken language for test items. Because they
required spoken language abilities, Elision and Blending were
administered only to the spoken-only and bimodal groups.
Elision required children to say the remainder of a word when a
sound was dropped (e.g., “farm without saying /f/”). Blending
required children to combine spoken sounds to form words
(e.g., “s-u˘n”). Sound Matching required children to select the
picture that matched the initial or ﬁnal sound of the target
picture (e.g., “Which word starts with the /n/ sound like neck?
Nut, bed, or cake?”). Not surprisingly, given Sound Matching
was designed to test early phonological awareness, all initial
sound and all but two ﬁnal sound-matching words also started
or ended with the same written or ﬁngerspelled letters. With
the addition of signing the directions when appropriate, asses-
sors used standard administration as described in the manual.
Following the manual, examiners stopped administration of a
subtest when a child was incorrect on all practice items and a
score was not given for that subtest.
Fingerspelling phonological awareness
The Fingerspelling Ability and Phonological Awareness Test (FS-PAT;
Schick, 2012) was used to assess ﬁngerspelling skills and phono-
logical awareness in ﬁngerspelling. The FS-PAT was adminis-
tered only to the sign-only and bimodal groups. Items on the
FS-PAT were presented via a laptop with stimuli signed by a
native Deaf signer. For each subtest, the examiner gave direc-
tions using an ASL script. Each subtests had two practice items.
Fingerspelling Imitation (F. Imitation) required children to imi-
tate a series of ﬁngerspelled real words of increasing length and
difﬁculty (ﬁrst item = car, last item = caterpillar). Fingerspelling
Blending (F. Blend) and Elision (F. Elision) subtests were mod-
eled after items on the CTOPP blending and elision subtests. For
F. Blend, children were required to blend handshapes into a real
word; it included eight items of increasing difﬁculty (ﬁrst item =
t-oy, last item = g-r-a-ss-h-o-pp-e-r, with hyphens showing the
segmentation). The Deaf signer paused slightly between the
segments as well as spatially separated the segments. F. Elision
required children to ﬁngerspell a new word after removing a ﬁn-
gerspelled chunk from a ﬁngerspelled model. The Deaf signer
ﬁngerspelled a word and instructed the child to delete a speciﬁc
ﬁngerspelled segment or letter. It included eight items of
increasing difﬁculty (ﬁrst item = popcorn without—corn, last
item = strain without—r).
Language
We used the Expressive One-Word Picture Vocabulary Test-4
(EOWPVT; Martin & Brownell, 2011) to measure children’s
expressive vocabulary ability. EOWPVT required a child to name
(using either speech or sign or both) pictures of increasingly
unfamiliar items. Examiners used standard basal and ceiling
rules; however, the examiners used a list of acceptable signs to
score children’s signed responses. We used the Elaborated
Phrases and Sentences subtest of the Test of Auditory
Comprehension of Language-3 (TACL; Carrow-Woolfolk, 1999) to
assess children’s abilities in receptive English grammar and
word order at the sentence level. Assessors administered items
in spoken English, voice-off English-like signing, or simulta-
neous spoken and signed communication (SimCom), depending
on child’s preferred communication method. Assessors signed
the sentences in English word order but did not sign English
morphemes (e.g., -ed, -s). Children had to select the correct pic-
ture from three choices. We administered the Word Structure of
the Clinical Evaluation of Language Fundamentals-4 (CELF; Semel,
Wiig, & Secord, 2003) to assess children’s abilities in expressive
spoken English inﬂectional morphology. The test used cloze-set
items to elicit expressive morphology. Standard administration
procedures were used for the children in the spoken-only group.
Examiners administered stimuli to children who sign using
SimCom. Children had to produce the word with the correct
morphology, using either speech, English signed morphemes, or
ﬁngerspelling. We used the ASL Receptive Skills Test-Revised
(Schick, 2013) to measure DHH children’s ability to understand
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ASL syntax and classiﬁers at the sentence level. Examiners
administered this test only to the sign-only and bimodal groups.
Children watched a video of a model signing ASL sentences and
selected a picture from a closed set of three, four, or six
pictures.
Procedures
Our test battery included tests developed for hearing children.
We adapted these tests for use with signing children by having
a team of experts that included native Deaf and hearing signers
create videos of standardized directions, items (e.g., sentences
on the TACL), and a list of acceptable signed responses (all
available from ﬁrst author). Examiners were teachers or speech-
language-pathologists and had expertize in the children’s lan-
guage. The examiners were extensively trained in administra-
tion procedures and the accommodations based on children’s
language knowledge (e.g., acceptable sign in vocabulary assess-
ments) during a 2-day training workshop. Examiners who
administered the tests to signing children were provided videos
of a deaf examiner and administered the tests to the fourth
author, a native signer, for approval.
We recruited schools primarily from the home or neighbor-
ing states of the research team. We targeted schools that had a
concentration of DHH children. We obtained appropriate
Institutional Review Board approval to use parent notiﬁcation
for this study. This meant that we were able to assess all chil-
dren who met eligibility criteria in these schools. During the
fall, examiners administered tests individually in a quiet, famil-
iar room in the school building.
We maintained data integrity in four ways. Examiners dou-
blechecked their live scoring by watching videorecordings.
Graduate students rescored expressive items on language and
reading assessments for 20% of children randomly chosen
(blocked by modality). Interrater agreement between examiners
and students was excellent: EOWPVT r = .99, LetterWordID r = .86;
PassComp r = .99; CTOPP blending r = .91; CTOPP Elision r = 1.0.
Graduate students independently calculated test scores twice and
conferenced with a third researcher to resolve discrepancies.
Finally, graduate students independently entered scores twice
into the database and discrepancies were resolved by the third
author.
Statistical Analysis
Whereas the three groups were administered many of the same
measures, some measures were not administered based on the
group’s spoken or sign language knowledge, following a known-
missing design (Widaman, Grimm, Early, Robins, & Conger,
2013). Examiners did not administer the ﬁngerspelling and ASL
tests to children who did not know sign (the spoken-only group)
or the tests that required spoken responses to children in the
unimodal sign group. Expressive English Syntax was adminis-
tered to all children but excluded from the analyses for children
in the signing groups because children, on average, performed
at ﬂoor. Figure 1 shows a schematic form of the a priori conﬁr-
matory factor model to be ﬁt, including factors for Reading,
Fingerspelling, Spoken PA, and Language. The four latent fac-
tors are shown as circles and the 13 tests are shown as rectan-
gles, present or absent for their respective groups. Each test is
intended to measure the respective factor (or construct) as
shown by the arrows, and all factors have correlations which
are freely estimated. These latent correlations represent
relations between factors after removing measurement error
due to the separate tests.
We used CFA to test the model ﬁt for a structure with four
factors: Reading, Fingerspelling, Spoken PA, and Language.
Models were initially ﬁt in SAS PROC CALIS (SAS Institute Inc.,
2014), which allows for unequal numbers of measures, and then
ﬁt in Mplus (Muthén & Muthén, 2012), with constraints to force
non-administered measures to be effectively missing in the
appropriate groups (Widaman et al., 2013). This model is a
planned-missing design, in which a joint model is ﬁt across
groups without all groups having the same measures. Tests
each represent a sample of all possible measures of a factor
(standard CFA) in each group. The current planned-missing
design allows us to evaluate a joint model across groups, esti-
mating factor scores using only the tested measures. The basis
for such estimation is standard full-information maximum like-
lihood. Preliminary models were tested with complete mea-
sures across both software programs to ensure comparable
solutions, and estimated via full-information maximum
likelihood.
Because our goal is to understand the functioning of these
tests within as well as across groups, we present two sets of
analyses: within-group CFA and a multiple-group CFA. Fitting
models separately can highlight distinctions missed in a joint
model, while a joint model can highlight commonalities that
otherwise might be missed. In ﬁtting a multiple-group model,
the emphasis is on distinguishing measurement differences
due to tests (e.g., bias) from genuine differences due to students
(e.g., in the means or variances of the factors).
Within-group CFA
We ﬁt the four-factor model shown in Figure 1 to each group to
evaluate its ﬁt and validity to describe the structure of language
and literacy abilities among these tests with the ﬁngerspelling
factor not modeled for the spoken language group.
Multiple-group CFA (measurement invariance)
We tested this model for across-group equality of measure-
ment parameters so that factor scores and their relations
could be compared across groups. For testing measurement
equivalence across groups, we used a standard sequential
Letter Word
Pass. Comp.
Fluency
F. Blend
F. Elision
F. Imitation
Reading
Finger
spelling
Sound Match
Vocabulary
Eng.Rec.Syn.
Spoken
PA
Language
ASL Rec.Syn.
Four Factors:
Related Skills
Letter Word
Pass. Comp.
Fluency
Blending
Elision
Sound Match
Vocabulary
Eng.Rec.Syn.
Eng.Exp.Syn.
Letter Word
Pass. Comp.
Fluency
F. Blend
F. Elision
F. Imitation
Blending
Elision
Sound Match
Vocabulary
Eng.Rec.Syn.
ASL Rec.Syn.
Spoken Bimodal Sign
Test battery for each student
communication group
Figure 1 Schematic representation of the planned-missing design for test
administration and the intended four-factor model for each group.
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process (Vandenberg & Lance, 2000). Speciﬁcally, we tested to
see if the groups were equivalent for ﬁve nested models:
Model 1—conﬁgural (factor structure) invariance, Model 2—
metric (loading) invariance, Model 3—scalar (intercept) invari-
ance, Model 4—equality of factor covariances, and Model 5—
equality of factor means. This sequence of ﬁve models evalu-
ates the following respective hypotheses of equality across
the three groups: (a) Tests aligned with their factors in the pro-
posed, theory-based conﬁguration. (b) Tests measured their
factors on an equivalent metric (i.e., in the same units). (c)
Tests had the same model-implied means. (d) Factors had the
same variance and covariance, and (e) Factors had the same
group means.
Model ﬁt
Evaluating CFA is a complex issue with many guidelines, but no
single, objective criterion for model ﬁt (Marsh, Hau, & Grayson,
2005; Marsh, Hau, & Wen, 2004). There are several indices to
evaluate, and these must be considered relative to comparable
models in this particular ﬁeld. Multiple-group testing is com-
plex, with several common indices being overly stringent (Chen,
2007; Cheung & Rensvold, 2002) and little guidance beyond the
two-group case—we are testing across three groups. There are
multiple criteria recommended and we will report those in
our evaluations of ﬁt (see Chen, 2007). While there are few, if
any, reported CFA models for DHH children (Webb et al.,
2015), we follow guidelines of comparative ﬁt index (CFI) near
.90 and the root mean square of error of approximation
(RMSEA) and the standardized root mean square residual
(SRMR) near .10.
Results
Description of the Three Language Groups
Cognitive and speech abilities
The three groups scored in the average range on the DAS-II
Matrices subtest (see Table 1), with no group differences. As ex-
pected, the groups differed on their speech perception and
speech articulation abilities (see Table 1).
Language and literacy abilities
Table S1 (available online) displays descriptive statistics and
internal consistency reliability (Cronbach’s alpha) for the 13
measures in each of the three groups (see Antia et al., 2019, for
descriptive statistics of standard scores for tests that have
norms). Dashes indicate that the measure was not administered
for that group. Estimates using full-information maximum like-
lihood for the missing tests were at ﬂoor (or slightly negative),
suggesting our choice not to administer these tasks was an ethi-
cal decision to minimize children’s frustration. Model-based
reliability (R2) is presented in Table S6. Reliabilities for our as-
sessments were moderate to high.
Table S2 (available online) presents correlation matrices for
each of the three groups among the 13 measures. Correlations
within constructs were high and homogeneous, conforming to
the four blocks of variables designed to measure reading, ﬁnger-
spelling, spoken PA, and language. The correlations were some-
what mixed and heterogeneous across constructs.
We organize our results in the order of our three research
questions.
Spoken Bimodal
Letter Word
Pass. Comp.
Fluency
F. Blend
F. Elision
F. Imitation
Reading
Blending
Elision
Sound Match
Vocabulary
Eng.Rec.Syn.
Spoken
PA
Language
ASL Rec.Syn.
.97
Sign
.92
.89
.66
.75
.92
.84
.83
.81
.86
.82
.71
.84
.77
.78
Letter Word
Pass. Comp.
Fluency
F. Blend
F. Elision
F. Imitation
Sound Match
Vocabulary
Eng.Rec.Syn.
ASL Rec.Syn.
.96
.90
.89
.83
.82
.90
1
.92
.85
.82
Letter Word
Pass. Comp.
Fluency
Reading
Blending
Elision
Sound Match
Vocabulary
Eng.Exp.Syn.
Eng.Rec.Syn.
Spoken
PA
Language
.97
.95
.92
.71
.74
.77
.85
.91
.83
.92
.83
.66
Finger-
spelling
.94
.78
.76
Reading
Spoken
PA
Language
.66
.56
.87
Finger-
spelling
.99
.73
.92
Fit statistics for tests for models tested within groups
Model Group χ2 df CFI RMSEA (90% CI) SRMR
Four Factor Spokena 57.3 24 .956 .117 (.078 – .157) .045
Bimodal 134.5 48 .907 .132 (.106 – .158) .078
Sign 63.1 30 .970 .092 (.060 – .123) .037
Note. CFI = Comparative Fit Index. RMSEA = Root Mean Squared Error of Approximation, with 90% confidence interval in
parentheses). SRMR = Standardized Root Mean Residual.
a The four-factor model for the Spoken group did not include a factor for Fingerspelling and is therefore equivalent to a three-factor
model
Figure 2 Four-factor results from each of the separate groups (fully standardized results; mean structure not shown). Fit statistics for tests for models tested within groups.
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Research question 1. What skills relate to reading abilities in
young DHH children in three language groups? We answered this
question with within-group and multigroup CFA.
Within-Group CFA
We examined the degree to which the hypothesized four-factor
model for unimodal sign and bimodal groups and three-factor
model for spoken-only group ﬁt the data. Figure 2 shows ﬁt indi-
ces for each model for the three groups. Model Fit for the
spoken-only group (for three factors) and for the unimodal sign
group (for four factors) was good with CFI > .95, SRMR < .05, and
RMSEA close to .10. The ﬁt for the bimodal group was marginal
(CFI = .91; SRMR = .08; RMSEA = .13). We judged the global ﬁt to
be reasonable.
The fully standardized estimates from the four-factor model
ﬁt to each group are shown in Figure 2. The standardized loadings
on the straight arrows represent the correlation between mea-
sures (rectangles) and factor (circles). Figure 2 shows that these
loadings are all generally high, suggesting that the measures are
good indicators of the underlying factors for all three groups. The
loadings were particularly high for the reading measures with
loadings above .89. The loadings for the language factors were
also high with all but one measure above .82. ASL and English
receptive syntax had high loadings on the language factor for
both the bimodal and unimodal sign groups. Measures for ﬁnger-
spelling and for spoken PA loaded well on their respective factors.
The curved arrows between factors in Figure 2 represent the
correlations between factors. For the spoken-only group, reading
was highly correlated with spoken PA (.92), and moderately cor-
related with language (.66). For the bimodal group, reading was
highly correlated with both ﬁngerspelling (.92) and spoken PA
(.84), and moderately correlated with language (.78). For the un-
imodal sign group, reading was highly correlated with ﬁnger-
spelling (.99) and language (.87), and only moderately correlated
with spoken PA (.66). In the latter two groups, ﬁngerspelling was
moderately correlated with spoken PA (.78 and .73, respectively).
Multiple-Group CFA
Research question 2. Is there measurement equivalence across
groups? In other words, do the tests measure constructs in the same
way for each language group?
Based on these initial four-factor within-group models, a
joint, multiple-group four-factor model was ﬁt, but had serious
estimation problems because of the high correlation between
ﬁngerspelling and reading. We, therefore, modiﬁed the model to
three factors, placing the ﬁngerspelling and reading measures
as indicators of a single broader factor that we call literacy.
Table 2 presents the tests of measurement invariance using
this three-factor structure. As the table shows we tested mea-
surement invariance for four nested models. The ﬁfth model
tests for full equality of latent means across groups. The col-
umns of Table 2 show ﬁt indices, along with differences (Δ)
comparing each model to the less restricted model above it
(Chen, 2007).
The ﬁrst line of Table 2 shows that this modiﬁed three-
factor model ﬁt reasonably well, with some degree of misﬁt
(CFI = .94; RMSEA = .11; SRMR = .17). While the ﬁt of this model
was not ideal, the substantive interpretation matches theoret-
ical expectation with good loadings and interpretable latent
correlations. We, therefore, retained the three-factor model of
literacy (that included both reading and ﬁngerspelling), spo-
ken PA, and language as the most reasonable across the
groups.
In the second row of Table 2, we show the tests of equiva-
lence of factor loadings to identify group differences in the
scales or variances of the latent factors. In the third row, we
tested equivalence of regression intercepts. Based on changes
in CFI, RMSEA and SRMR (Chen, 2007), we suggest that Model 3,
which imposes equality across groups for intercepts and load-
ings, ﬁt reasonably. Model 3 suggests that the factor structure,
loadings (i.e., correlations between measure and factor) and in-
tercepts (i.e., the model-implied means) of the 13 measures
were similar across the three groups.
In the bottom two rows of Table 2, we present tests of
across-group equality for the latent variance-covariance matrix
(Model 4) and latent means (Model 5). Chen (2007) does not pro-
vide explicit alternative criteria for testing across-group factor
structure, but recommends that SRMR can be informative.
Model 4 had a large change in CFI, SRMR, and BIC. Model 5 re-
sulted in a large change in CFI but little else. Because Model 4
had several indices of poor ﬁt, we retain Model 3 of intercept
invariance as the ﬁnal model for examination of group differ-
ences in factor scores (both correlations between factors and
latent means of those factors).
The results of this Model 3 of intercept invariance are pre-
sented in Figure 3. The groups are shown as before, left to right:
spoken-only, bimodal, and unimodal sign. For each group, fully
standardized results are shown. Table 3 shows the latent factor
correlation matrix, the latent means, and latent standard devia-
tion for each group (relative to the spoken-only group, SD = 1).
Because Model 4 of full equality of latent covariance was re-
jected, we next tested group differences to address the third
research question.
Research question 3. Do children in the three groups differ in
terms of relations between abilities (correlations), proﬁciency (means),
and individual differences (variances)?
Table 2 Tests of measurement invariance for the three-factor model across groups
Model χ2 df CFI RMSEA SRMR BIC Δχ2(Δdf) ΔCFI ΔRMSEA ΔSRMR Fit 1 Fit 2
1. Conﬁgural 271.8 116 0.944 0.110 0.166 15,704
2. Metric (loadings) 319.7 128 0.931 0.116 0.173 15,682 47.8 (12) −0.013 0.006 0.007 Yes Yes
3. Scalar (intercepts) 413.8 140 0.902 0.132 0.174 15,706 94.2 (12) −0.029 0.016 0.001 No Yes
4. Latent covariance 437.3 146 0.895 0.133 0.184 15,695 23.4 (6) −0.007 0.001 0.010 n/a n/a
5. Latent means 495.6 152 0.876 0.142 0.191 15,718 58.4 (6) −0.019 0.009 0.007 n/a n/a
Note. CFI = Comparative Fit Index. RMSEA = Root Mean Squared Error of Approximation. SRMR = Standardized Root Mean Residual. BIC = Bayesian Information
Criterion. “n/a” = not applicable. Each model is tested relative to the one above it. “Fit 1” and “Fit 2” refer to Chen’s (2007) criteria for invariance testing. n/a = not
applicable. All chi-square difference tests were statistically signiﬁcant (p < .01), but are likely overpowered (Chen, 2007). The metric model (2) passed both criterion 1
and criterion 2 for loading invariance. Model 3, which tested for intercept invariance failed Chen’s criterion 1 (CFI and RMSEA differences were both too high), but
passed Chen’s criterion 2 for SRMR.
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We next tested each factor for differences across groups: cor-
relations via Fisher’s Z-test and latent means by a t-test, re-
ported in Table 3 (each calculated within Model 3, using MODEL
CONSTRAINT in Mplus to test for statistical signiﬁcance of the
differences). The correlation between Literacy and Spoken PA
did not differ between the spoken-only and bimodal groups (r =
.92 and .88, respectively), but was signiﬁcantly lower for unimo-
dal sign group (r = .69). The correlation between Language and
Spoken PA was also lower for unimodal sign than for the
spoken-only group. On the other hand, the correlation between
Language and Literacy was signiﬁcantly higher (.89) for the un-
imodal sign than for the spoken-only group (.67). As shown in
Table 3 and Figure 4, the three groups did not signiﬁcantly differ
in their means for Language. In contrast, all three groups differed
signiﬁcantly from each other in spoken PA. For Literacy, the un-
imodal sign group differed from the spoken-only group. Figure S1
(available online) combines the mean information from Table 3
with the correlations from Figure 3 in a compact layout.
Figure 4 allows for visual comparison of the three groups’
performance, using estimated factor scores for each student.
The Language boxplots in the top panel show the high degree of
similarity across groups, both in their level and spread of scores.
The middle panel shows the strong differences in Spoken PA:
the unimodal sign group in particular has lower scores and is
highly homogeneous. However, some extreme scores in this
group overlap with high-scoring children in the Bimodal and
Spoken-only groups. Finally, the lower panel shows boxplots for
Literacy, showing the high degree of overlap across groups,
though the Spoken-only group has a larger spread of scores,
especially above average.
Tables S3–S6 are available online to provide additional sta-
tistical information. The estimates of loadings and intercepts
from the ﬁnal Model 3 are shown with standard errors in
Table S3. The estimates in Table S4 in this three-factor model of
measurement equivalence are reasonably close to those in
Table S3, based on the four-factor model not imposing measure-
ment equivalence. Table S5 reports residual variances. Table S6
reports R2 values.
Discussion
The goal of this study was to describe the multivariate relations
among language and literacy skills for three groups of DHH chil-
dren who differed in their language modality. While other re-
searchers have contrasted the reading processes of oral deaf
adults and those who sign (Hirshorn et al., 2015; Miller, 2002),
this is the ﬁrst study to examine differences in young children
who are learning to read. It is also the ﬁrst of its kind to compare
these groups with bimodal DHH children. Our results conﬁrmed
our hypothesis that all DHH children learning to read rely on
the same fundamental abilities of language and phonological
processing but the modality, levels, and relations among these
abilities differ.
Multivariate Relations for Three Language Groups
Our ﬁrst analysis examined children’s language and literacy
skills within each of our language groups. The results were con-
sistent with our theoretically driven models of three factors for
the unimodal spoken group and four factors for the bimodal
and unimodal sign group. We describe the constructs, the
Spoken Bimodal
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Figure 3 Three-factor, three-group model with scalar invariance (fully standardized results; mean structure not shown).
Table 3 Latent correlations, SD, and means from the three-factor,
three-group model of scalar invariance
Group Factor Literacy Spoken PA Language
Spoken Literacy 1
Spoken PA 0.92 1
Language 0.67 0.84 1
Bimodal Literacy 0.83
Spoken PA 0.87 1.08
Language 0.80 0.75 0.96
Sign Literacy 0.78
Spoken PA 0.69 c 1.02
Language 0.89 c 0.58 c 1.20
Means Group Literacy Spoken PA Language
Spoken 0 0 0
Bimodal −0.19 −0.52ab 0.00
Sign −0.26a −1.14a −0.12
Note. Correlations appear in boldface, SD in italics on the diagonal, and means at
bottom of the table. These estimates are frommulti-group three-factor Model 3
in Table 6 and Figure 3. The scales of the latent factors were set to those of the
Spoken group (mean = 0; variance = 1).
aStatistically signiﬁcantly different from themean of the Spoken group (p < .05).
bStatistically signiﬁcantly different from the mean of the Sign group (p < .05).
cCorrelation signiﬁcantly different from that in the Spoken group (p < .01).
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implications of the models for the constructs’ indicators (i.e.,
tests), and relations between reading the other constructs in the
following section.
Language
We assessed expressive vocabulary and receptive grammatical
knowledge. While these assessments required children to
answer using different modes (expressive vs. receptive) and dif-
ferent domains of language, they all formed one integrated lan-
guage construct, with high factor loadings for all measures. This
was true for all three language groups despite differences in the
language or modality assessed (ASL vs. English; sign vs. spoken).
For the spoken-only group, all three measures reﬂected chil-
dren’s knowledge of the English language. For the other two
groups, we included measures of both English and ASL gram-
mar. These measures had high and equal loadings on the lan-
guage construct. This suggests that both groups of signing
children were bilingual. This was not surprising for the bimodal
group; they were in signing environments but had some audi-
tory access to spoken English. Importantly, the same pattern of
loadings was found for the unimodal sign group, indicating that
these children may also be bilingual, even when they were not
bimodal. Some researchers have posited that unimodal sign
DHH children become bilingual by acquiring English knowledge
from print (Hoffmeister & Caldwell-Harris, 2014). However, the
DHH children in this study were beginning readers so it is
unlikely that they learned English grammar from print. Instead,
we hypothesize that they are acquiring English from adults in
their community who use contact sign as well as ASL (Lucas &
Valli, 1991). Our English receptive syntax test required children
to understand English word order, including complex grammar.
The language on this task was more complex than that on the
passage comprehension reading test. While we did not test
their English grammatical system fully, our results suggest high
consistency in the way DHH children performed on these seem-
ingly disparate language tasks. It may be that this knowledge
can be leveraged to assist children in their acquisition of literacy
(Hermans et al., 2010). Because we had only one indicator of the
signing children’s English language abilities (i.e., English recep-
tive syntax), our ﬁndings should be considered suggestive and
in need of further research.
Research with young hearing children has also found that
language is unidimensional (Language and Reading Research
Consortium, 2015). The Consortium concluded that, despite the
fact that vocabulary and grammar are separate aspects of lan-
guage, they measure a unitary, integrated language ability dur-
ing early elementary school. This is consistent with theories of
language development that posit the interconnection between
lexical and grammatical development. Our results suggest this
is also the case for DHH children.
Spoken PA
The three tests that measure children’s ability to blend, seg-
ment, and identify phonemes in spoken words formed an inte-
grated construct for both spoken-only and bimodal groups. Our
results are similar to research with both DHH and hearing chil-
dren that show that different phonological awareness tasks
(e.g., rhyming, blending) measure one underlying PA ability
(Anthony et al., 2002; Webb & Lederberg, 2014).
The blending and elision PA tasks required spoken language
abilities; the sound-matching task asked children to select pic-
tures of words that share a phoneme. The latter could be com-
pleted without spoken language and resembles how other
researchers have assessed PA with DHH children (Kyle & Harris,
2010). The high loadings for all three tests on the spoken PA
construct for the spoken-only and bimodal group suggests the
matching task is a good measure of PA, and thus, may be a valid
test to assess spoken PA in unimodal signing children.
Fingerspelling phonological processing
Fingerspelling was measured in both signing groups. We used
three novel tasks to measure ﬁngerspelling. We included a mea-
sure of phonological memory, the ability to imitate ﬁngerspelled
words that increased in length. We also included two measures
of ﬁngerspelling PA that required children to blend spaced ﬁn-
gerspelled words, or remove a ﬁngerspelled letter to create a
Figure 4 Factor scores for each group on each of the three factors. Note. These
are descriptive boxplots for the summary statistics of factor scores reported in
Table 3. The box is between the ﬁrst and third quartile, the median is indicated
by the middle line, the mean is the diamond, while the ends (whiskers) repre-
sent data within 1.5 times the interquartile range (circles represent scores out-
side this range).
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new word. Our results conﬁrmed that these tasks measure one
underlying construct that we deﬁne as ﬁngerspelling phonologi-
cal processing. Past researchers have only included one mea-
sure of ﬁngerspelling ability and that measure is frequently one
of phonological memory. Our study conﬁrms that ﬁngerspelling
abilities include the ability to manipulate ﬁngerspelled words
through blending and elision. By including three tests, we were
able to measure how it related to measures of language and
reading.
Reading
Reading ability was measured by tests of word reading, reading
comprehension, and ﬂuency. These three tests had similarly
strong associations (i.e., all more than ≥ .89) with the Reading
factor for all three groups. Most theories, including the Simple
View of Reading, posit that word recognition and reading com-
prehension are separate constructs, with language comprehen-
sion more important for the latter than the former. However, in
a test of this hypothesis with a large sample of hearing children,
Lonigan and Burgess (2017) found that measures of children’s
ability to recognize words and to understand sentences and
passages formed one factor (reading) for students in kindergar-
ten to second grade. They found that children’s word reading
skills and reading comprehension formed two distinct con-
structs only with older children (third to ﬁfth grade), suggesting
that this represents a developmental process, where compre-
hension only becomes separate from word reading when word
decoding is no longer the roadblock to reading. In our study, we
found that reading ﬂuency also loaded essentially equally with
word recognition and reading comprehension on the reading
factor.
Despite the fact that these tests were created for hearing
children, they measured reading in all three groups of DHH chil-
dren, regardless of spoken or signed response. This is somewhat
surprising given that the act of reading is different for children
who use spoken vs. signed language. Indeed, using a large data
set of 950 DHH children, Webb, Branum-Martin, and Lederberg
(2017) found that WJ Letter-Word ID and WJ Passage Comp had
similar psychometric properties for the three language groups
(including item difﬁculty and sensitivity). Factor loadings also
suggest that our accommodation allowing longer response time
on the reading ﬂuency test for children who signed, still yielded
equivalent tests across language groups.
Relations between constructs
The within-group models also estimated relations among the
constructs. For the spoken-only group, reading abilities had a
strong (r = .92) relation with spoken PA but only a moderate
relation with (r = .67) language. This is consistent with research
with both hearing (Lonigan & Burgess, 2017) and DHH beginning
readers (Cupples et al., 2014; Webb et al., 2015) that shows that
the ability to manipulate the sublexical structure of words is
critical for learning to read an alphabetic script like English.
This ﬁnding disputes the work of researchers who argue that
language is more important than PA for DHH readers (Harris
et al., 2017; Nittrouer et al., 2012). The latter researchers have
included older children and differences may reﬂect the decreas-
ing role of PA after children have learned the alphabetic
principle.
For the bimodal group, reading was also strongly related to
abilities to manipulate the sublexical structure of words, as re-
ﬂected by both ﬁngerspelling PA (r = .94) and Spoken PA (r = .84)
abilities. These two phonological skills were also correlated
with each other (r = .78) for children acquiring both spoken and
signed languages. Although we have posited that ﬁngerspelling
phonological processing may serve as a functional alternative
to spoken PA, the two skills also may support each other, at
least for bimodal children (Petitto et al., 2016).
For the unimodal sign group, reading was almost perfectly
correlated with ﬁngerspelling (r = .99). Unimodal sign children’s
reading abilities were also highly related (r = .87) to their lan-
guage abilities, but less so, but still signiﬁcantly, with spoken PA
(r = .66).
Across-Group Comparison
The second analysis, using multi-group CFA, examined the
extent to which all the features of the model shown in Figure 2
were the same across the three language groups. Speciﬁcally,
we tested the equivalence of overall structure, relations of tests
to constructs (loadings), model-implied means of those tests
(intercepts), and differences among the latent factors across
groups (factor means, variances, and correlations).
Conﬁgural invariance
A four-factor model was supported within each group, but the
model could not be ﬁt in a joint, multiple-group model. Instead,
the high correlation between Fingerspelling and Reading (r >
.93) suggested that a simpler three-factor model was necessary
for comparison across groups. For children who sign (i.e., unim-
odal sign and bimodal), ﬁngerspelling and reading appear to be
integrated into a single construct. The model suggests that the
same ability is responsible for reading and ﬁngerspelling among
signing children; this ability may represent the knowledge of
how to represent words in print and with the hand. This is simi-
lar to studies where young elementary-school age hearing chil-
dren also show an integration of seemingly diverse skills (e.g.,
spoken PA, alphabetic knowledge, word reading) into one con-
struct that represents a higher-order ability (Mehta et al., 2005;
Storch &Whitehurst, 2002).
Measurement equivalence
This three-factor model was tested for measurement equiva-
lence across groups. We evaluated the relations (loadings) of
the tests to their intended constructs, as well as whether the
tests differed in mean levels for a construct across groups (inter-
cepts). No strong evidence of measurement bias was found, sug-
gesting that these tests give essentially equivalent information
about children’s latent abilities for the three subgroups.
This equivalence has two important implications. First,
these tests can yield comparable scores across groups with the
adaptations that we made. Given the heterogeneity of DHH chil-
dren, being able to use one test for all children is critical for edu-
cators and researchers. In order for that to happen, a careful
process of accommodation and standardization is required to
make sure the test can be applied to all DHH children, as
occurred in the current study. Establishing equivalence of load-
ings and intercepts for total scores across the three groups is an
important ﬁrst step. Future research that documents the psy-
chometric properties of test items and indicates whether there
is item bias is an important next step.
Second, our results suggest it may be appropriate to use indi-
vidual tests as indicators of the underlying construct in consid-
eration of cost, time, and burden on students. For example, to
measure language, many researchers use vocabulary as a proxy
for DHH children’s language ability (Kyle et al., 2016; Webb
et al., 2015). The advantage of vocabulary is that it can be
adapted across signed and spoken languages. In the current
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study, we used expressive vocabulary because it allowed the
children to answer with a spoken and/or signed word; assessors
did not have to determine the children’s preferred language, as
would be the case for a receptive test. Our results suggest that
vocabulary is likely to be a valid assessment of overall language
in DHH children and is equally valid to measure spoken and
signed language abilities.
Language modality group differences
Finding measurement equivalence allowed us to compare
groups on their latent scores (i.e., their estimated true scores on
the factors), as well as variances and relations among factors.
The groups had equivalent mean language abilities. Other
research has found that the variables that inﬂuence children’s
spoken and signed language abilities include those that are the
same regardless of modality (e.g., age of identiﬁcation) and
those that are different (e.g., access to spoken or signed lan-
guage; see Lederberg et al., 2013 for a review). Despite these dif-
ferences, this study indicates that DHH children who use
different language modalities are similar to each other in lan-
guage ability or proﬁciency, at least for those who are attending
special classrooms for DHH children in the United States.
Typically, researchers measure DHH children’s spoken or signed
language and thus, do not measure children’s overall language
ability. Because of our novel approach of creating a language
factor that allowed the tests to vary for the groups, the language
factor reﬂected the language of the group (i.e., ASL for two
groups, English for all three). Thus, we were able to show that
modality did not affect the language proﬁciency of DHH chil-
dren. The inability to hear spoken language did not impact the
ability to acquire language when given access to visual
language.
Not surprisingly, the three groups differed in their ability to
perceive and manipulate phonemes in spoken words (spoken
PA). The unimodal sign group performed much lower than the
spoken-only and bimodal groups. In fact, 75% of the unimodal
sign group scored below the lower quartile of the other two
groups. Intriguingly, 5% of children in the unimodal sign group
performed above the mean of the spoken group. These excep-
tional children seemed able to develop sensitivity to spoken
phonemes, even when they have little or no auditory access to
spoken language. They likely used visual skills (speech-reading)
to build representations of spoken words. For example, they
might complete the sound-matching task by matching words
that look the same on the mouth (Kyle et al., 2016). They also
could be using orthographic or ﬁngerspelling knowledge.
Although these few children may use spoken phonology in their
reading, the majority of DHH children in the unimodal sign
group did not develop spoken PA.
In contrast, while bimodal children scored a half standard
deviation lower on spoken PA than spoken-only children, there
was considerable overlap in these two groups’ abilities. Despite
the fact that the bimodal children differed considerably in their
spoken language abilities compared to the spoken-only group,
they were able to use their auditory access to speech to develop
spoken PA almost to the same extent as the children with much
better speech skills. This is consistent with Lederberg, et al.’s
(Lederberg et al., 2013) hypothesis that print serves as a visual
support for DHH children’s ability to perceive the sublexical
phonological structure of words but only for those who have
some auditory access to spoken phonemes.
The spoken-only and bimodal groups did not differ signiﬁ-
cantly in their reading abilities, notwithstanding their differ-
ences in speech abilities and spoken PA. On the other hand, the
unimodal sign group had signiﬁcantly weaker reading skills
than the spoken-only children did. These results suggest that
the use of sign language does not impede learning to read, but
the lack of auditory access to spoken sublexical structure likely
makes learning to read more difﬁcult.
With respect to correlations among the constructs, the uni-
modal sign group had substantially different correlations than
the speech-only group. The correlations between Language and
Spoken PA, as well as between Literacy and Spoken PA were
lower than those in the spoken-only group. This suggests that
while Literacy and Spoken PA were related in all groups, Spoken
PA plays a much less important role in reading for young chil-
dren who do not have access to spoken language. Interestingly,
the correlation between Language and Literacy was higher in
the unimodal sign group than it was in the spoken-only group.
Our ﬁndings suggest that when researchers do not separate
bimodal from unimodal sign children they may get conﬂicting
results because these groups may learn to read through differ-
ent pathways.
Educational Implications
Our results suggest that the overall learning objectives of read-
ing interventions should be the same for all DHH children. All
children need language and the ability to manipulate the sub-
lexical structure of words to learn to read. For hearing children
and for children who use spoken language (with or without
sign), learning to read an alphabetic language depends on the
ability to manipulate the sublexical structure of spoken words.
For these children, instruction that includes phonics and sup-
port for the development of phonological awareness is impor-
tant. For children who do not have auditory access to spoken
language, manipulation of spoken words plays a less important
role. Indeed, fewer than 5% of the unimodal sign children
appear to be developing spoken PA, yet they were developing
literacy skills at almost the same level as the other two groups.
The strong relation between ﬁngerspelling phonological proces-
sing and reading suggests that these children may use ﬁnger-
spelling as an alternative pathway to manipulate the sublexical
structure of printed words, and, therefore, to learn to read.
Using ﬁngerspelling to teach these children will probably facili-
tate their reading abilities.
The challenge in signing programs is that classrooms typi-
cally include both bimodal and unimodal sign children. Given
that spoken PA appears to be differentially helpful for these two
groups of children, optimal instruction will probably require
appropriate differentiation of instruction. Future researchers
may beneﬁt from examining the potentially differential effects
of spoken and ﬁngerspelled phonics instruction on bimodal and
unimodal signing children.
While instruction in PA is important, it should not replace
intensive language instruction. Our results show that reading
was related to children’s language abilities for all groups. Thus,
instruction that focuses on improving language in the modality
that children can access should be an important part of all DHH
children’s educational environment. In addition to modality,
the quality and type of instruction is likely to impact DHH chil-
dren’s language growth. For example, research suggests DHH
children’s language learning relates to the amount teachers
explicitly teach the meaning of new words and expand on chil-
dren’s utterances (Duncan & Lederberg, 2018). As with hearing
children, meaning-based instruction is as important for code-
based instruction. A balance between the two is probably criti-
cal for successful reading.
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Limitations
One major challenge of conducting research with low incidence
populations is to obtain a sample size sufﬁcient to examine dif-
ferences within DHH children. We chose to examine differences
among groups that differed in language modality but ignored
other important variables. We included children from 5 to 8
years of age, but we did not include age in our models. While
age may impact the structure of language and literacy skills, our
groups did not differ by age. We also did not examine other
potentially important variables such as audiological technology
(e.g., CI), maternal education, and hearing status of parents.
Additionally, the current model uses only a small, selected
number of tests per factor.
The children in this study were part of classrooms, but our
models did not account for classroom differences because of the
complexity of the across-group tests we wanted to evaluate.
Bimodal children shared classrooms with unimodal sign chil-
dren, but spoken-only children were in different classes. Some
group differences could be attributable to classroom differences.
While our models showed excellent ﬁt for the spoken and
unimodal sign groups, model ﬁt for the bimodal group was sub-
stantially lower. This lack of ﬁt may reﬂect the mixed nature of
the bimodal group, which included children who were acquiring
spoken language to varying degrees. Children with only mild
speech impairment might resemble the factor structure of the
spoken-only group, while children with more severe speech
impairment may resemble the unimodal sign model. A larger
study could evaluate the complexities of group assignment for
language modality with a factor mixture model.
Conclusion
A long-running debate in the ﬁeld is whether DHH children
learn to read through qualitatively different processes than
hearing children. In our paper, we ask a slightly different ques-
tion: Do DHH children who differ on their language modality
learn to read through qualitatively different processes? The
answer is yes and no. On the one hand, for all three groups,
reading abilities were related to children’s language and their
ability to manipulate the sublexical structure of words. On the
other hand, the role of spoken language differed for those with-
out auditory access to language. For the unimodal sign children,
reading relied less on spoken PA and more on ﬁngerspelling and
visual language compared to the other two groups. This sug-
gests that there are qualitative differences in the way unimodal
sign children learn to read and indicates that these children
may need different instructional practices from that used with
hearing children.
Supplementary Data
Supplementary data is available at Journal of Deaf Studies and
Deaf Education online.
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